New series of diazonium salts and iodonium salts, which show practical level of sensitivity and stability as an IR sensitive photoinitiator for CTP plates, are developed. We investigated the substituent effect on the pheny group adjacent to diazonium or iodonium group. The results show 2,4,6-trialkoxy substituted phenyl group can beautifully balance sensitivity, thermal stability and light stability for both series of initiators. These new onium salts made it possible to create CTP plates that are processible without darkroom conditions.
Introduction
The past few years have seen remarkable advances in laser technology.
Consequently, various types of laser sources such as those for an ultraviolet, visible or infrared radiation have easily been available, and various application products have been created. In particular, laser imaging technologies are industrially very useful, and, for example, computer-to-plate (CTP), which is an innovative proofing system in the field of planographic printing, can be mentioned. CTP is a system in which manuscripts (digital information on images, characters, etc.) generated on computers are output directly to a CTP plate material by imagewise laser exposure of the plate material, the plate material is then subjected to a development process, and a printing plate is thus produced.
When comparing CTP with conventional proofing systems in which the surface exposure is carried out through a lith film with a mercury lamp, since CTP significantly increases the productivity because of digital processing, CTP can be widely used in, for example, color commercial printing or newspaper printing. In addition, there are two categories in CTP systems: a visible laser-based system which focuses on cost-effectiveness and higher productivity as key features; and an infrared laserbased system which focuses on workability in light rooms and high image quality as key features [1] .
Relatively high-power infrared laser devices with output powers of several tens of watts have been available, and, in order to make plate materials compatible with such laser devices, it is required to impart to them three properties, namely IR wavelength compatibility, thermal stability (storage stability), and stability to visible light (workable in light rooms).
In this study, we attempted to search for two types of initiator systems, namely i) acidgenerating system and ii) radical-generating system, useful for curable plate materials, for the purpose of utilizing a semiconductor laser (light source wavelength: 830 nm, required intensity: 150 mJ/cm 2 ) as an infrared laser.
As initiators which can be used in both the acid generating system and the radical-generating system, onium salts (e.g. diazonium salts, iodonium salts, and sulfonium salts) have been known [2] . Therefore, with a focus on onium salts, we searched for combinations which enable the long wavelength spectral sensitization with infrared dyes.
Consequently, we discovered a new acidgenerating system in which a diazonium salt stable against visible light is combined with a cyanine sensitizing dye, as well as a new radical-generating system in which a thermally-stable iodonium salt is combined with a cyanine sensitizing dye.
Surprisingly, two types of CTP plate materials using these initiator systems combine IR wavelength compatibility, thermal stability, and stability to visible light, and successfully deliver fundamental performance for CTP plate materials compatible with infrared lasers.
In this article, we report on studies of the initiator systems.
Experimental

Analysis equipment
A 1 H NMR spectrometer ("AVANCE 400" manufactured by Bruker BioSpin Corporation) and a GC-MASS spectrometer ("M-80B" manufactured by Hitachi, Ltd.) were used for structural identification.
An HPLC system ("Waters 600" manufactured by Waters Corporation) was used for isolation/purification and purity analysis, and an ultraviolet and visible spectrophotometer ("UV-260" manufactured by Shimadzu Corporation) was used for measurement of UV absorbance.
A thermal analyzer ("TG/DTA 200" manufactured by SEICO Electronics Industrial Co., Ltd.) was used for measurement of thermal decomposition temperatures. A molecular modeling software "CaChe" (supplied by FUJITSU) based on the MOPAC AM1 was used for molecular orbital (MO) calculations.
Synthesis of trialkoxy-substituted diazonium salts (AT1, AT2 and AT3)
Trialkoxy-substituted diazonium salts (AT1, AT2, and AT3) were synthesized according to Scheme 1.
That is, a crude material of 1,3,5trihydroxybenzene was nitrated with nitric acid, and thus, its nitro compound was obtained. Then, the nitro compound was etherified with alkyl ptoluenesulfonates, and the resulting compounds were converted to amino compounds through iron reduction. Finally, the amino compounds were oxidized with sodium nitrite to obtain diazonium salts.
Colors, shapes, decomposition temperatures in the form of the single substances, and decomposition temperatures* in PHS (polyhydroxystyrene) of the resulting diazonium salts are described below. That is, crude materials of palkoxyiodobenzenes were converted to iodonium diacetate intermediates with peracetic acid, and the iodonium diacetate intermediates were reacted with 1,3,5-trimethoxybenzene to thereby obtain iodonium salts.
Colors, shapes and decomposition temperatures of the resulting iodonium salts are described below.
BT1 (R= n C 4 H 9 ): white solid, d.p. 148℃ BT2 (R= n C 6 H 13 ): white solid, d.p. 140℃
Preparation of evaluation plate materials i) Acid-generating system:
An acid-condensable photosensitive layer, which was made of a cyanine sensitizing dye ( Fig.  1) , an initiator to be evaluated, an acid cross-linker (2,6-dimethylol-p-cresol) and a binder (PHS), was provided on a hydrophilized aluminum support to thus prepare a plate material. ii) Radical-generating system:
A radical-polymerizable photosensitive layer, which was made of a cyanine sensitizing dye ( Fig.  1) , an initiator to be evaluated, a polymeric crosslinker (dipentaerythritol hexaacrylate), and a binder (polymethylmethacrylate, weight-average molecular weight: 50,000), was provided on a hydrophilized aluminum support, and an overcoat layer (main component: polyvinyl alcohol) having oxygen-blocking function was further provided thereon to thus prepare a plate material. The acid-condensable plate material prepared in Section 2.4 was exposed to a laser beam at a predefined intensity with an 830 nm semiconductor laser exposure device ("Trendsetter 3244" manufactured by Creo corporation). The exposed plate material was heated at 140C for 75 seconds, and then, an exposure required for acquisition of an image by immersing the plate material in an alkali developing solution (pH 12.0) at 25C for 30 seconds (i.e. the exposure was regarded as the sensitivity) was calculated.
The sensitivity was shown as a value relative to a sensitivity of diazonium salt (A) that served as a standard. When the sensitivity is doubled (i.e. the required exposure was decreased by half), the relative sensitivity is 2.0.
ii) Radical-generating system:
The radical-polymerizable plate material prepared in Section 2.4 was exposed to a laser beam with an 830 nm semiconductor laser exposure device ("Trendsetter 3244" manufactured by Creo corporation) where an exposure against the surface of the plate material was 150 mJ/cm 2 .
A change in the absorption area of the cyanine dye before and after the exposure (the absorption area after the exposure -the absorption area before the exposure) at a wavelength of 400-700 nm was calculated based on the measurement with the ultraviolet and visible spectrophotometer mentioned in Section 2.1. Then, the quantity of the decomposed initiator was estimated from the change in the absorption area of the cyanine dye, and the estimated value was regarded as the sensitivity.
The sensitivity was shown as a value relative to a change in the absorption area of cyanine dye when using an iodonium salt (B) that served as a standard. When the change in the absorption area is doubled, the relative sensitivity is 2.0.
Measurement of rates of acid production by heating
A model photosensitive layer, which was made of an initiator to be evaluated and a binder (PHS), was provided on a silicon wafer to prepare a sensitive material, and the sensitive material was heated at 180 for 60 seconds with a hot plate.
After heating, the model photosensitive layer was subjected to acetone extraction, and Neutral red, which is a pH indicator, was added to the extract.
Then, the resulting mixture was subjected to UV absorbance measurement.
For the absorption area of the dye at a wavelength of 400-600 nm after heating, an acid production rate was calculated, provided that an absorption area in case where 100% of the initiator was decomposed was considered as 100.
Evaluation on storage stability
The above-described evaluation plate materials were stored in a thermostatic chamber at 60C for 3 days, and their relative sensitivities were calculated in the same manner as Section 2.5. A change in relative sensitivities of the plate material before and after the storage in the thermostatic chamber was regarded as an index for storage stability [where the plate material before storage is referred to as "Fr" (Fresh) while the plate material after storing is referred to as "DT" (Dry thermo)].
Evaluation on stability to visible Light
The above-described evaluation plate materials were allowed to stand under fluorescent lights at 1000 Lux where UV rays of wavelengths of 350 nm or less were cut off, for 2 hours, and the relative sensitivities were measured in the same manner as in Section 2.5. Changes in relative sensitivities before and after allowing them to stand under fluorescent lights were regarded as indexes for stability to visible light.
Results and Discussion
Initiator systems and image forming
i) The acid-generating system successfully achieves image forming in combination with an acid-condensation system such as phenol resins/ methylol cross-linkers. That is, the system is utilized as a method in which an acid is generated by laser exposure, and the exposed area is cured by a dehydration condensation reaction where the acid serves as a catalyst. However, in this system, a heating treatment is required for accelerating the dehydration condensation reaction (Fig. 2) .
ii) The radical-generating system successfully achieves image forming in combination with a radical-polymerizable system such as (meth)acrylate-based resins/polymerizable crosslinkers. That is, this system is utilized as a method in which radicals are generated by laser exposure, and the exposed area is cured by a polymerization reaction where the radicals serve as catalysts. However, in this system, it is required to use, for example, an oxygen-blocking layer which prevents interfusion of oxygen to the photosensitive layer, in order to accelerate the polymerization reaction (Fig. 3) . First, output powers of infrared lasers are higher, and therefore, not only decomposition of an initiator due to electron transfer or energy transfer, which is a general sensitizing mechanism in the systems by visible lasers, but also heat generated from an infrared sensitizing dye can be utilized. However, an excitation energy of an infrared sensitizing dye is smaller than that of a visible sensitizing dye, and the initiator system tends to be thermally unstable. Therefore, a key issue for infrared laser-compatible initiator systems is to search for a thermally stable initiator system.
Second, there is a merit in which, by designing an initiator system exhibiting no absorption in the visible region but exhibiting absorption in the infrared region, sensitive materials can be used in light rooms (under fluorescent lamps or UVfiltered fluorescent lamps), while sensitive materials only compatible with visible lasers can be used only under an environment suitable for the light source (e.g. in dark rooms or under an orange lamp). That is, a key issue for infrared lasercompatible initiator systems is to design a sensitizing dye or initiator exhibiting reduced absorption of visible light.
Search for infrared laser-compatible acidgenerating systems
In consideration of the above-mentioned issues, binary-component initiator systems of infrared sensitizing dyes and initiators exhibiting absorption of infrared laser beams were searched.
Specifically, known dyes, such as cyanine, phthalocyanine, and squarylium, which exhibit reduced absorption in the visible region but specific absorption in the infrared region were selected as sensitizing dyes, while known compounds, such as diazonium salts, iodonium salts and sulfonium salts, which can generate both acids and radicals, were mainly evaluated for initiators.
When the cyanine dye was used as a sensitizing dye in acid-generating systems, favorable results were obtained.
The evaluation results (sensitivity, storage stability and stability to visible light) on acid-generating agents in combination with the cyanine dye are shown in Table 1 below.
The combination of the cyanine dye/diazonium salt (A) of entry 1 is highly sensitive as seen in Table 1 . In this combination, the rate of acid production by heat is higher, and the storage stability is superior. However, it is evident that the stability to visible light is insufficient.
Since a diazonium salt with a higher rate of acid production by heat is highly sensitive, it is suggested that heat generation by laser exposure is involved in the sensitization mechanism of this system.
On the other hand, although the decomposition temperature of diazonium salt (A) itself is 176-180C, it has been confirmed that diazonium salt (A) in a phenol resin becomes stable, exhibiting the decomposition temperature of 207C. The reason why the storage stability of the system is superior can be understood from such an aspect.
As discussed above, based on the results shown in Table 1 , it is understood that, in any combinations of known dyes and initiators, there are no acid-generating systems which combine sufficient sensitivity, storage stability and stability to visible light. 
Improvement of stability to visible light in acid-generating systems
We conducted studies on improvement of stability to visible light with respect to diazonium salts.
It was revealed that the reason for insufficient stability of diazonium salt (A) to visible light is because diazonium salt (A) has a photosensitive region of visible light, and is excited directly under a fluorescent lamp, thereby generating acids. In other words, diazonium salt (A) has absorption maximum around the wavelength 370 nm, and the bottom of the long wave absorption extends to more than the wavelength 400 nm.
In order to make a system workable under a fluorescent lamp, it is at least required that the maximum absorption wavelength is made 350 nm or less while the bottom of the long wave absorption is made 400 nm or less.
Therefore, we considered molecular design of a diazonium salt exhibiting reduced absorption of visible light (shortened absorption wavelength).
However, it has been reported that, as for diazonium salts, there are substituent effects against the benzene ring having a diazonio group (i.e. although introduction of an electronwithdrawing group shortens the absorption wavelength due to electronic effects, the diazonium salt becomes thermally unstable) [3] . Shortening of the absorption wavelength and the thermal stability are in a trade-off relationship.
Therefore, we focused on protection of diazonium groups by not only electronic effects but also steric effects, and conducted studies on introduction of trialkoxy groups to the benzene ring. Evaluation results on the sensitivity and the storage stability are shown in Table 2 while comparison of the UV absorbance is shown in Fig.  4 .
It is seen from Table 2 that the trialkoxysubstituted diazonium salts (AT1, AT2 and AT3) are superior in both storage stability and stability to visible light. In particular, the sensitivity of AT1 is very high, and therefore, reaches the target level. Among AT1, AT2 and AT3, one having a lager molecular weight exhibits a lower sensitivity, and therefore, it is considered that differences in their sensitivities result from differences in their acid productions per molecule.
Moreover, storage stability of dialkoxysubstituted diazonium salt (AD) is low, and, when comparing diazonium salt (AD) with diazonium salt (A) having an amino group which possesses a strong electron-donating ability, it is understood that electronic effects are important for storage stability.
Furthermore, the storage stability of trialkoxysubstituted triazonium salt (A3) is improved compared with diazonium salt (AD), and therefore, it is deduced that an electronic effect from the third alkoxy group and a steric effect protecting the diazonio group contribute to the storage stability.
Meanwhile, as seen in Fig. 3 , with regard to trialkoxy-substituted diazonium salt (AT1), the absorption maximum wavelength and the bottom of the absorption at long wavelengths shift to a short wavelength region, and therefore, it is realized that the stability to visible light is superior. 
Search for radical-generating systems compatible with infrared lasers
In the same manner, evaluation results of initiators which can be used as radical-generating systems where cyanine is used as an infrared sensitizing dye are shown in Table 3 .
As seen in Table 3 , the combination of the cyanine dye/iodonium salt (B) of entry 2 is highly sensitive and the stability to visible light is also high.
However, the storage stability is insufficient.
Thus, it becomes evident that, in any combinations of known dyes and initiators, there are no radical-generating systems which combine sufficient sensitivity, storage stability and stability to visible light.
3.6 Improvement of storage stability of iodonium salts in radical-generating systems Improvement of storage stability of iodonium salts was studied. Based on results of thermal analysis on single substances of iodonium salts as well as componential analysis on the photosensitive layer after storage, it was revealed that a cause for deterioration in the storage stability is not thermal decomposition of iodonium salts but attacks by nucleophiles (e.g. water) present in the photosensitive layer.
Meanwhile, it has been known that iodonium salts function as reductive decomposition-type initiators, relying on photoelectron transfer, in combination with sensitizing dyes such as merocyanine [4] .
We have experimentally confirmed that, when an electron-donating group is introduced to iodonium salts, electron transfer from the sensitizing dye to the initiator hardly occurs, therefore reducing the sensitivity, although the storage stability improves.
(Details on the experiments are omitted because of space limitations.) Therefore, we attempted to sterically protect iodonium moieties by introduction of trialkoxy groups in the same manner as the design of diazonium salts. As for the loss caused from difficulties in electron transfer due to a reduction in the reductive potential caused by the introduction of trialkoxy groups, we considered compensation for the loss with a gain of formation enthalpy caused from elimination of steric hindrance at the time of cleavage of C-I bonds ( Table 4 ).
As seen in Table 4 , trialkoxy-substituted iodonium salts (BT1 and BT2) of entry 4 and entry 5 have superior storage stability, their sensitivities reach the target level, and also, they have superior stability to visible light.
When comparing BT1/BT2 with Entry 3 (BT) which exhibited inferior storage stability, it is considered that the storage stability of BT1/BT2 is superior because of electronic effects of four alkoxy groups (para-position alkoxy and trialkoxy groups).
In addition, when comparing BT1/BT2 with Entry 2 (BB) which exhibited higher sensitivity but inferior storage stability, it is considered that the sensitivities of BT1/BT2 did not significantly decrease and remained at the target level, while also having better storage stability, because of steric effects of ortho-position alkoxy groups. 
Applications to CTP plate materials compatible with infrared lasers
Two types of CTP plate materials using the new two initiator systems, i.e. (i) the acid-generating system of cyanine sensitizing dye/trialkoxysubstituted diazonium salt AT1 and (ii) the radicalgenerating system: cyanine sensitizing dye/trialkoxy-substituted iodonium salt BT1, which were discovered in this research, were produced. Image-forming sensitivities of both the plate materials in an infrared-laser exposure system (wavelength of light source: 830 nm) reached 150 mJ/cm 2 , and also, their storage stability and workability in light rooms are superior. Thus, it was confirmed that the produced plate materials were practical as CTP plate materials compatible with infrared lasers.
Conclusion
We created new initiator systems i) and ii) which are compatible with an infrared laser (wavelength of light source: 830 nm): i) Acid-generating system: cyanine sensitizing dye/initiators of trialkoxy-substituted diazonium salts; and ii) Radical-generating system: cyanine sensitizing dye/initiators of trialkoxy-substituted iodonium salts.
These initiator systems solves the problem of inferior storage stability which had been considered difficult to solve in the infrared region, and are revolutionary initiator systems which work in light rooms and which are therefore advantageous for infrared lasers.
Thus, these systems are expected to be developed into applications to CTP as well as other fields.
